Pigs (Sus scrofa) exhibit diverse phenotypes in different breeds shaped by the 18 combined effects of various local adaptation and artificial selection. To 19 comprehensively characterize the genetic diversity of pigs, we construct a pig pan-20 genome by comparing genome assemblies of 11 representative pig breeds with the 21 reference genome (Sscrofa11.1). Approximately 72.5 Mb non-redundant sequences 22 were identified as pan-sequences which were absent from the Sscrofa11.1. On 23 average, 41.7 kb of spurious heterozygous SNPs per individual are removed and 12.9 24 kb novel SNPs per individual are recovered using pan-genome as the reference for 25 SNP calling, thereby providing enhanced resolution for genetic diversity in pigs.
Introduction
Sus scrofa (i.e., pig or swine) is of enormous agricultural significance and is an 34 attractive biomedical model. Pigs were domesticated from wild boars independently ZNF622, which is also missed in Sscrofa11.1 ( Fig. 2e) . ZNF622 played a role in 140 embryonic development by activating the DNA-bound MYBL2 transcription factor 141 (Arumemi, et al. 2013 ). These absent six exons resulted in another spliced transcript 142 isoform, which can be validated using the RNA-seq data.
143
Constructing a more comprehensive sequence map for genomic and 144 transcriptomic analysis 145 Compared with Sscrofa11.1, the mapping rate of resequencing data in the pan-146 genome was increased by 0.29-0.43% ( Fig. 3a and Supplementary Table 8 ). 147 Meanwhile, the mapping rate of Sscrofa11.1 in the pan-genome was decreased by 148 8 approximately 1.43%, indicating that many reads had been adjusted to better positions 149 in the pan-sequences accompanied with improved quality (Fig. 3a, b) . The adjustment 150 of many reads from Sscrofa11.1 to pan-sequences will result in better SNP calling 151 efficacy. An average of 41,729 heterozygous SNPs per sample were depressed and the 152 read depth was also adjusted to the whole-genome average level in these regions 153 where spurious SNPs were removed (Fig. 3b, c, d, Supplementary Fig. 4 and 154 Supplementary Table 9 ). Furthermore, 12,888 novel SNPs per individual were 155 recovered using the pan-genome and thus provided enhanced resolution for genetic 156 diversity studies. In addition, the mapping quality and mapping rate of RNA-seq data 157 were also improved based on 92 samples ( Supplementary Figs. 5 and 6) . In total, 158 897 sequences containing 1163 potential transcripts showed appreciable expression 159 (FPKM ≥ 1 in at least one sample). To further assess the protein-coding potential of 160 pan-sequences, a total of 607 out of the 897 pan-sequences were predicted to have 161 coding potential by Coding Potential Calculator (CPC) (Kong, et al. 2007 ). For the 162 gene expression of pan-sequences, more expression differences were found among 163 tissues (Pearson's r = 0.84) than within tissues (Pearson's r = 0.91), consistent with 164 previous findings ) ( Fig. 3e and Supplementary Fig. 7 ). To evaluate the robustness and accuracy of Hi-C based localization, we 173 comprehensively investigated the anchored results from five samples digested by the 174 MboI enzyme and another seven samples digested with HindIII enzyme (see 175 methods). The result indicates that the Hi-C-based localization determined by 176 different samples has high consistency ( Supplementary Fig. 8 and 9) . A total of 177 7,554 sequences (19.0%) can be anchored to Sscrofa11.1 by flanking sequences.
178
Using Hi-C based approach, another 3,447 sequences can be further anchored. Based 179 on this result, at 100-kb resolution, we found the pan-sequences are uniformly 180 distributed in A/B compartment which are generally euchromatic and heterochromatic 181 regions, respectively (Dogan and Liu 2018) ( Fig. 4b) . At 20-kb resolution, we found 182 that pan-sequences were more enriched at TAD boundary regions (Fig. 4c) . Notably, 183 we found that genomic variations (SNPs and CNVs) occurred more frequently at Supplementary Table 12 ). When the corresponding 194 regions of low interaction were replaced with pan-sequences, we found that 3D spatial 195 structure was greatly improved (Fig. 4d) . Thus, replacement with pan-sequences will 196 help to depict the 3D structures of the whole genome. 
238
Furthermore, our research suggests that these pan-sequences may act as enhancers of 239 12 some genes that regulate metabolic activity in different breeds. We also found a large 240 number of SNPs residing in the pan-sequences, which can lead to an accurate 241 assessment of true variations, thereby providing enhanced resolution for genetic 242 diversity of different pig populations. The enriched genomic sequence repertoire can 243 help in identifying causal mutations that were previously unrecognized by linkage, 244 association and copy-number-variation studies.
245
In conclusion, our study has shown that the pan-genome, when used as a 246 reference, can ensure a more comprehensive repertoire of genomic variations and can 247 facilitate downstream genomic, transcriptomic and even 3D genome analyses.
248
Therefore, we highlight the transition from the current reference genome to the pan-249 genome. Competing interests 304 The authors declare that no competing interests exist. Construction of the pan-genome 307 We downloaded the publicly available pig genome assemblies of ten female and one 308 male individuals from 11 diverse breeds (five originated in Europe and six originated 309 in China) ( Supplementary Fig. 2 to speed up the alignment process. The sequences with <90% identity and ≥300 bp in 315 length were retained. After that, these low-identity sequences were aligned to each 316 other to remove redundancy. Finally, a non-redundant set of 72.5 Mb of sequences 317 from 11 assemblies was obtained; these sequences were defined as pan-sequences.
318
The Duroc genome (Sscrofa11.1) plus these 72.5 Mb pan-sequences made up the pan-319 genome.
320
Determining the characteristics of the pan-sequences 321 To explore whether the pan-sequences have homologous regions across species and 322 are potential to be functional, we aligned these sequences to ten mammalian reference The presence and absence of each pan-sequence were then determined by NRD.
343
ChIP-seq short-read alignment and peak calling 344 To confirm the content of regulatory elements in pan-sequences, we downloaded 345 seven ChIP-seq data from NCBI Bioproject PRJNA152995, including H3K27me3, with total DNA input as control. 354 There are 42 males and 45 females in our whole genome resequencing data 355 ( Supplementary Table 8 ). We compared the normalized read depth (NRD) between Table 6 ).
353

Identification of male-specific sequences
361
Gene annotation and functional enrichment analysis 362
Homology-based and de novo prediction were used to annotate protein-coding genes.
363
For homology-based prediction, pan-sequences were aligned onto the repeat-masked Table 11 ). To 453 improve resolution, we combined the Hi-C data from the same tissue of same pig 454 breed after we randomly extracted 20 Gb data for correlation coefficient test. We Figure 14) . 460 
Identification of compartment A and B 461
Identification of compartment A/B was performed as previously described using the Higher-resolution TAD calls were generated following the previously described 492 We kept the interactions identified by PHYCHIC (Ron, et al. 2017) with FDR < 0.01 493 as high confidence interactions and used them to identify promoter-enhancer 494 28 interactions (PEI). Promoter segment was determined as a region from −2,000 to 495 +500 bp of the transcription start site (TSS). When at least half of a promoter segment 496 was in either one of the two bins which involved in a chromatin interaction, this 497 interaction was defined as a putative promoter interaction.
Identification of putative promoter and enhancer interactions
498
The bins which are distal (at least 40 kb upstream or downstream) from the 499 promoter and demonstrate the strongest interaction with the promoter than other 500 regions were determined as the enhancer interacting with the corresponding promoter. 
